 (BrJ Ophthalmol 1995; 79: 129-134) 
Postoperative visual acuity has been considered the major functional parameter to evaluate the OOKP's rate of success.3 [5] [6] [7] However, it must be taken into account that a considerable number of patients undergoing OOKP surgery might suffer from secondary glaucoma. PERG, VEPs, and contrast sensitivity Visual stimuli employed for both electrophysiological recordings and contrast sensitivity measurements were vertical sinusoidal gratings of variable spatial frequency (between 0-6 and 4-8 c/deg), electronically generated on a high resolution (Mangoni, Pisa-I) TV monitor (24x 14 cm, 85 cd/M2 mean luminance) and square wave modulated in counterphase at 8 Hz (16 reversals/second). For PERG and VEP recordings the contrast of the stimulus was maintained at 56%. For contrast sensitivity measurements a logarithmic attenuator was used to vary the contrast (in 1-10 dB steps) on the screen. Both patients and control subjects fixated monocularly at the centre of the stimulator from a distance of 57 cm. Patients viewed the stimulus through the optical PMMA cylinder, whose size was 3-5 mm. Control subjects were tested while wearing an artificial pupil of 3-5 mm, in order to match their stimulus retinal illuminance with that of patients.
PERGs were recorded by a small silversilver chloride electrode taped over the skin of the lower eyelid. An equal electrode, placed over the eyelid of the contralateral, light tight patched eye, was used as reference (interocular ERG). With the same electrodes used for the PERG recordings, flash electroretinograms (to scotopic and photopic stimulation'2) were also recorded in all patients and controls. In all OOKP treated patients, the amplitudes and implicit times of flash electroretinograms were comparable with those obtained in control subjects. VEPs were recorded by an active silver-silver chloride electrode placed on the midline 2 cm above the inion, and referenced to the right mastoid. The left mastoid was grounded. Retinal and cortical signals were band pass filtered between 1 and 30 Hz (-6 dB per octave), amplified (100 000 fold), and averaged (12 bit resolution, 0-5 ms sampling rate, 250 events) with artefact rejection. Discrete Fourier analysis of the resulting waveforms was performed off line in order to isolate the component at the reversal frequency (16 Hz; second harmonic), whose amplitude (,uV) and phase (degrees) were measured and plotted as a function of spatial frequency. The mean of at least two records was taken at each spatial frequency. The average biological noise at the second harmonic, obtained with the monitor blanked at the same mean luminance as the stimulus, was 0 09 ,uV for PERG and 0-2 ,uV for VEP in both normal subjects and patients.
Contrast sensitivity was measured in the same experimental session as the electrophysiological recordings. The method of Figure 2 shows the mean (SEM) PERG amplitude and phase values as a function of spatial frequency for normal subjects, OOKP treated patients with normal posterior pole (OOP), and OOKP patients with glaucoma (OOKP glaucoma). Mean PERG amplitudes showed a significant variation across groups (ANOVA, F 37-8; df 2, 33; p<0-001), being reduced in patients in comparison with controls. Post hoc t test revealed significant differences, pooled across spatial frequencies, between normal subjects and both groups of patients (p<0-00l), and between OOKP patients with normal posterior pole and those with glaucoma (p<0'05). Mean PERG phases did not change significantly across groups (ANOVA, F 1-33; df 2, 33; p not significant). Figure 3 shows the mean (SEM) VEP amplitudes and phases as a function of spatial frequency for normal subjects, OOKP treated patients with normal posterior pole, and OOKP treated patients with glaucoma. Mean VEP amplitudes changed significantly across groups (ANOVA, F 3 99; df 2, 33; p<0 05), being reduced in OOKP patients with glaucoma compared with the two other groups. Post hoc t test revealed significant differences, pooled across spatial frequencies, between normal subjects and OOKP patients with glaucoma (p<0'05), and between OOKP patients with normal posterior pole and those with glaucoma (p<0 05). No significant differences were found between normal subjects and OOKP patients with normal posterior pole. Mean VEP phases changed significantly across groups (ANOVA, F 6-36; df 2, 33; p<001), showing a trend to a delay in OOKP patients compared with normal subjects. Post hoc t tests revealed significant differences only between normal subjects and OOKP patients with glaucoma (p<0-01). These differences were apparent at low medium but not at higher spatial frequencies (see Fig 3) . Figure 4 shows mean (SEM) contrast sensitivity values (expressed in dB of attenuation from the maximum stimulus contrast available) for normal subjects, OOKP treated patients with normal posterior pole, and OOKP treated patients with glaucoma. Mean contrast sensitivities changed significantly across groups (ANOVA, F 55 5; df 2, 33; p<0-00 1), being reduced in patients compared with controls. Post hoc t test revealed significant differences, pooled across spatial frequencies, between normal subjects and both groups of patients (p<0001), and between OOKP patients with normal posterior pole and those with glaucoma (p<005). Short fluctuation [1] [2] [3] [4] [5] [6] ( 0 5) 1 9 (0 5 without glaucoma) had a generalised depression of sensitivity across their visual fields, which made an assessment for localised glaucomatous defects difficult. However, in four out of the nine OOKP patients with glaucoma, a localised, typical glaucomatous defects (arcuate scotoma, nasal step, or paracentral scotoma) was found, while such defects were not observed in the OOKP patients with normal posterior pole. Figure 5 shows the results obtained with PERG, VEPs, and contrast sensitivity (mean values (SEM)) in the control groups of chronic open angle glaucoma patients and normal subjects. When compared with normal subjects, glaucoma patients had significant reductions in the mean PERG (F28 6, df 1, 23, p<OOl) and VEP (F 8-7, df 1, 23, p<001) amplitudes, as well as in the mean contrast sensitivity values (F 181-8, df 1, 23, p<0-01) . The PERG and contrast sensitivity losses found in the control glaucoma patients did not differ significantly from those of OOKP treated patients, either with normal posterior pole or with glaucoma (see, for comparison, Figs 2 and  4) . By contrast, the VEP amplitude losses ofthe control glaucoma patients were significantly greater than those of OOKP treated patients with normal posterior pole, and similar to those of OOKP treated patients with glaucoma (see, for comparison, Fig 3) .
Individual electrophysiological (PERG and VEPs amplitudes and phases) and psychophysical (contrast sensitivities and perimetric indices) results obtained from OOKP treated patients were analysed in order to determine which of the tests employed in this study was able to best discriminate between glaucomatous and non-glaucomatous patients. To this goal, the data obtained from each patient were compared with the corresponding 95% confidence limits (that is, plus or minus 2 SD) established for normal subjects. An individual patient's value was defined as abnormal when outside these limits. 15 In the present study, we evaluated the possible use of some tests of central visual functioning (PERGs, VEPs, contrast sensitivity, and automated perimetry) for detecting glaucomatous dysfunction in OOKP treated eyes. We tested two groups of those eyes, one with normal posterior pole and no history of glaucoma and the other with clinical signs and a history indicative of preoperative secondary glaucoma. The results from these two groups were also compared with those from unoperated control eyes, either normal or glaucomatous. We found that both electrophysiological and psychophysical tests were altered, compared with controls, in both normal and glaucomatous OOKP treated eyes. Indeed, PERG amplitudes as well as contrast and perimetric sensitivities were reduced, and VEP phases were delayed, in both groups of patients in comparison with controls. These changes may be at least in part related to a reduced optical quality (that is, reduced effective retinal size'5) of visual stimuli viewed through the PMMA cylinder, whose length and refractive power are 7 2 mm and 55 dioptres, respectively. A reduction in the effective retinal contrast of visual stimuli may also have occurred in patients, because of possible changes in the eyes' modulation transfer functions induced by the optical PMMA prostheses. The large losses in psychophysical sensitivities (about 15 dB for both contrast sensitivity and automated perimetry) found in non-glaucomatous OOKP patients might give an indication of the amount of contrast attenuation through OOKP prosthesis. However, PERG, VEPs, contrast sensitivity, and perimetric losses were significantly more marked in OOKP operated eyes with glaucoma compared with those with normal posterior pole, indicating the presence of glaucoma related changes in both electrophysiological and psychophysical variables. This is also supported by the finding that, in the unoperated control eyes with glaucoma, PERG, VEP, and contrast sensitivity were reduced in comparison with normal eyes. Interestingly, VEP losses of glaucoma control eyes were similar to those found in OOKP treated eyes with glaucoma, and greater than those of OOKP eyes with normal posterior pole.
Among the tests employed in this study, we found that VEP responses to medium spatial frequencies (1 4 c/deg) yielded the best discrimination, in terms of sensitivity and specificity, between glaucomatous and nonglaucomatous OOKP eyes. Although this finding needs to be confirmed in a larger series of patients, it suggests that VEPs may have a specific clinical value for diagnosis of glaucomatous damage in OOKP treated patients.
Abnormalities in electrophysiological and psychophysical tests have been typically reported in previous functional studies on glaucoma.9 14 16 17 It is also known9 that these tests may be of clinical value for monitoring the progression of glaucomatous damage. This suggests a possible use of the techniques employed in the present study for postoperative longitudinal evaluation of glaucomatous OOKP patients. Preliminary results of an ongoing follow up study, which will be the object of a separate report, are encouraging in this respect.
In conclusion, our results indicate that both electrophysiological methods and psychophysical measures employed for glaucoma diagnosis might be helpful for the postoperative assessment of visual function in OOKP patients who are being suspected of having a secondary glaucoma. In clinical setting, VEPs appear to give the best sensitivity and specificity for detecting a glaucomatous dysfunction after OOKP.
